Purpose: The number of elderly inpatients has been steadily increasing worldwide. However, the ability to predict the degree of improvement of functional capacity after comprehensive examination of elderly inpatients is still lacking. The purpose of this study was to investigate the predictors of improved functional outcome after rehabilitation of elderly inpatients. Methods: We performed a retrospective cohort study with 1,079 patients (age ,70 years: N=331, age $70 years: N=748) who had been admitted to Tottori Municipal Hospital. Functional Independence Measure (FIM) scores were measured both at admission and discharge to calculate FIM gain and efficiency. Of these patients, 262 patients had oral examinations on admission. The Mann-Whitney U-test or chi-square test was used for statistical analyses. Conditional logistic regression analysis was used to compute the odds ratio (OR) and 95% confidence interval (CI). Cut-off values of FIM scores to determine if elderly inpatients were able to return home after discharge were determined using a receiver operating characteristic curve. Results: FIM scores, including FIM gain and efficiency, of elderly patients were significantly lower than those of middle-aged patients. Inability to close the lips and dysfunctional tongue movement, but not the loss of teeth, were correlated with a reduced improvement of FIM scores. Cognitive impairment and aspiration pneumonia, but not cerebrovascular disease, were also correlated with a reduced improvement of FIM scores. Interestingly, FIM scores were significantly lower in patients with both cerebrovascular disease and a loss of posterior occlusion. Factors shown to have a significant impact on the improvement of FIM scores included the stable posterior occlusion (OR: 2.23, 95% CI: 1.2-4.1), closed lips (OR: 5.15, 95% CI: 2.3-11.7), functional tongue movement (OR: 5.74, 95% CI: 3.0-11.0), presence of cognitive impairment (OR: 0.31, 95% CI: 0.17-0.49), and presence of aspiration pneumonia (OR: 0.27, 95% CI: 0.15-0.51). Conclusion: Age and disorder of oral function may be significant predictors of improved functional capacity after rehabilitation for elderly inpatients.
Introduction
Japan is a steadily aging society, and now more so with the post-world war II baby boom generation reaching old age. 1 Japan's population continues to age rapidly; while in 1950, only 5% of the Japanese population was aged 65 years or older, the proportion increased to 7% in 1970 and then 23% in 2010. 1 Elderly people are considered vulnerable members of society with regard to health, and the number of hospitalized elderly patients has been steadily increasing. An increase of the elderly population may weaken the country's economic strength, and it may also force changes in the framework of social welfare, such as medical expenses.
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An extremely elderly person, unable to keep up with daily activities and maintenance, may gradually develop an unhealthy and debilitating living condition that may affect the progression of geriatric diseases, such as cerebrovascular disease, cognitive impairment, and aspiration pneumonia. 3, 4 Despite the immense impact of aging at a personal and societal level, the ability to predict the improvement of functional capacity of elderly inpatients after rehabilitation is still lacking. Ideally, elderly inpatients are rehabilitated by a physiatrist to improve the patient's functional capacity and outcome during the hospital stay, and then later discharged back to their homes. 5 Through proper inpatient rehabilitation, almost all elderly inpatients should be able to recover and satisfactorily perform activities of daily living (ADLs). Nakayama et al has reported recently that there are significant relations between recovery of swallowing function and ADLs in stroke patients. 6 On the other hand, in a few cases, elderly patients are unable to fully recover and perform ADLs even after undergoing the same methods of rehabilitation; this underlying reason has yet to be identified. 7 Physical disability of the elderly manifests as the loss of ability to complete basic ADLs needed to live independently without assistance, such as bathing, dressing, rising from a bed or chair, using the toilet, eating, or walking across a room. 8 The Functional Independence Measure (FIM) motor scale is used clinically to measure the patient's progress and assess rehabilitation outcomes. 9, 10 The FIM score was carefully designed and developed with the consensus of the US National Advisory Committee, with close attention to definitions, administration, and reliability. 11 The present study focused on elderly patients who received comprehensive inpatient rehabilitation services while in the hospital. In order to improve the ability of clinicians to predict the functional outcome of elderly inpatients, we analyzed several factors such as age, sex, nutritional status, and oral condition and their association with the improvement of physical function.
Materials and methods subjects and evaluation
A total of 1,079 patients admitted to the Tottori Municipal Hospital between January 2013 and December 2013 was enrolled in this study (age ,70 years: N=331, male/female: 180/151, average: 53.9±14.1 years; age $70 years: N=748, male/female: 270/478, average: 82.9±6.8 years). All patients had received standard rehabilitation treatment by attending physicians, including range-of-motion exercises, resistance training, physical restoration, movement exercises, and ambulation exercises during their hospital stay. Physical ability of the patients was assessed using FIM scores at admission and again at discharge. FIM gain was calculated as the change in FIM score at hospital discharge. FIM efficiency was calculated by subtracting FIM at admission from FIM at discharge and then dividing by the length of stay in days. Of 1,079 patients, the oral conditions of 262 elderly patients (male/female: 101/161, average age: male, 83.2±6.6 years, female, 85.9±6.0 years) were evaluated by inspection and palpation, including stability of the posterior occlusion, ability to close the lips, tongue movement, absence of teeth, and presence of mobile teeth. For posterior occlusion stability determination, we defined inpatients with normal posterior teeth or dentures as "stable". Nutritional status was evaluated by body mass index (BMI). FIM was evaluated by physical therapists, oral condition was evaluated by trained dentists, and nutritional status was evaluated by nurses, blinded to the patient's conditions. Cognitive impairment of elderly inpatients was evaluated using the clinical dementia rating scale. 12 This study was approved by the ethics committee of Tottori Municipal Hospital (No 1153). We did not obtain written informed consent because guidelines for epidemiological research established by the Japanese Ministry of Health, Labour and Welfare do not require written informed consent for retrospective studies.
statistical analysis
Statistical analyses were performed using JMP ® 8 version 8.0.2 (SAS Institute Inc., Cary, NC, USA). Data were described by the mean ± standard deviation. Correlation between FIM scores at admission and discharge with oral condition, BMI, and presence of diseases such as cerebrovascular disease, cognitive impairment, and aspiration pneumonia was calculated. Because FIM scores were not normally distributed, the Mann-Whitney U-test and Spearman's rank correlation coefficient were used for statistical analysis. Differences in residence between the time of discharge and admission of patients aged either under or over 70 years were analyzed by chi-square test. The odds ratios (ORs) derived from a bivariate analysis and 95% confidence intervals (CIs) of the improvement of FIM scores (.10 points) with regard to oral conditions were obtained by conditional logistic regression analysis. In all statistical analyses, P-values ,0.05 were considered statistically significant.
Results
living situation of elderly inpatients compared to middle-aged inpatients
Differences between elderly and middle-aged inpatients are shown in 
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Predictors of improved function in elderly inpatients was significantly longer than for middle-aged inpatients (P,0.0001, Mann-Whitney U-test). FIM scores, including FIM gain and FIM efficiency, of elderly patients were also lower than those of middle-aged inpatients (P,0.0001, Mann-Whitney U-test). There was a significant difference between the residence of elderly and middle-aged inpatients (P,0.0001, chi-squared test, home versus hospital). Importantly, we found that a significant number of elderly patients were transferred to other hospitals, including social care facilities, after discharge (P,0.0001, chi-squared test, admission versus discharge).
Influence of sex on rehabilitation during hospital stay
We examined the association between age and FIM scores in males and females separately. As shown in Figure 1 , there was a significant negative correlation between FIM score at admission, discharge and FIM gain with age in males (FIM score at admission: r =-0.24, P,0.001; FIM score at discharge: r =-0.35, P,0.001; FIM gain: r =-0.28, P,0.001). Similarly, there was a significant negative correlation between FIM score at admission, discharge and FIM gain with age in females (FIM score at admission: r =-0.42, P,0.001; FIM score at discharge: r =-0.45, P,0.001; FIM gain: r =-0.21, P,0.001). Furthermore, we found there was a negative correlation between the length of hospital stay and age in males, but not in females (males: r =-0.16, P=0.011; females: r =-0.048, P=0.30). Next, we analyzed FIM gain to examine the difference of rehabilitation outcome between males and females ( Table 2) . Although there was a statistical difference in age between males and females (males: 
Influence of oral conditions and presence of disease on FIM scores
The ability to close the lips and functional tongue movement were significant predictors of increased FIM gain, FIM efficiency, and the ratio of FIM improvement after rehabilitation (P,0.001, Mann-Whitney U-test, respectively) ( . Of 256 elderly inpatients who had been previously diagnosed with a geriatric disease, 120 inpatients (46.9%) had been diagnosed with cerebrovascular disease, 150 inpatients (58.6%) with cognitive impairment, and 62 inpatients (24.2%) with the acute phase of aspiration pneumonia. There was a significant negative correlation between the presence of cognitive impairment or aspiration pneumonia and FIM gain, FIM efficiency or ratio of FIM improvement (P,0.001, Mann-Whitney U-test, respectively). There was no significant difference in FIM scores between inpatients with or without cerebrovascular disease 
Figure 1 Association between age and FIM scores in males (A-D) and females (E-H).
Notes: FIM scores were measured at both hospital admission and discharge. FIM gain was calculated as the change in FIM score at hospital discharge. length of hospital stay was counted as the total number of days spent in the hospital. 
Ors of factors predicting drastic improvement of the FIM score
To further explore the significant factors which predicted drastic improvement of FIM scores, we defined elderly inpatients whose FIM gain was over 10 points as the "improved group", and calculated the ORs ( 
Influence of various factors on BMI
We used BMI to investigate the association between nutritional status and other factors in elderly inpatients. As shown in Figure 2 , there was no significant correlation between BMI and age in elderly inpatients (r =0.05, P=0.42). There was also no significant difference in BMI value between males and females (P=0.67, Mann-Whitney U-test).
However we found that the BMI was significantly higher in patients with stable posterior occlusions and functional 
Discussion
In general, risk factors that hamper the elderly from leading a healthy life include various physical, psychological, and social problems occurring in older age, as well as a higher incidence of disease. 13, 14 In order to effectively practice the multidisciplinary care needed to support geriatric treatment, development of a screening or examination system to evaluate the success of such care is needed. Aging is one of the factors correlated with diminished physical recovery, particularly in extremely elderly patients. 13 As shown in Table 1 
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Predictors of improved function in elderly elderly inpatients is difficult and must be supported by proper treatment and possibly nursing care. In addition, there was a significant negative correlation between aging and FIM scores at the time of admission and discharge, as well as FIM gain during hospitalization. Greenwald et al has reported previously that no sex-related differences were observed in FIM scores, including FIM efficiency, on admission and discharge. 15 Similarly, we demonstrated that there was no association between sex and the functional outcome of elderly inpatients after rehabilitation. In elderly males, there was a negative correlation between length of stay and age; further analysis is needed to clarify this difference between males and females.
Predicting the functional outcome in elderly inpatients during rehabilitation may have a significant impact on the decision of discharge destination. 16 Therefore, we explored several factors, such as oral condition, to predict whether performance of ADLs is improved by standard rehabilitation in elderly inpatients. As shown in Table 3 , the ability to close the lips and functional tongue movement, which relates to oral muscle strength, were significant predictors of an improvement in FIM scores. On the other hand, neither the loss of teeth nor presence of mobile teeth had any correlation with a change in FIM scores. Although the presence of mobile teeth is one of the important contributors of chronic infectious periodontitis, 17 we hypothesize that functional oral muscles, but not oral infection caused by periodontitis, may contribute more to the improvement of ADL performance. Functional oral muscles including the orbicularis oris muscle and tongue muscle may lead to improvement of the systemic physical strength. In addition, although we considered the scale values of FIM as a linear progression, a patient who starts from a lower value of FIM has more opportunity to recover points compared to those who start from very high values. Therefore, it might be useful to consider the recovery of expressing points of FIM using percentage values. Interestingly, we found that the same tendency was observed between FIM gain and the ratio of FIM improvement (%) as shown in Table 3 . It is important to note that, in the present study, the determination of the presence of teeth included nonfunctional teeth, such as the stump of the tooth, and should not to be mistaken as proper occlusion. Furthermore, we demonstrated that the ability to close the lips and functional tongue movement were highly significant predictors of improved FIM score, whereas loss of teeth or presence of mobile teeth were not correlated with any improvement. In addition, we also showed that the stability of the posterior occlusion was a significant predictor of a major improvement In general, a significant proportion of elderly inpatients have additional geriatric diseases such as cerebrovascular disease, which may include severe cognitive decline. 13, 14 Symptoms are characterized by confusion and/or stupor, which are difficult to manage clinically and require a great deal of care, because the diseases hamper ADL performance in elderly inpatients. 18 It has been reported previously that no significant differences were found between spinal cord injury and rehabilitation discharge. 15 In the present study there was a significant negative correlation between the presence of aspiration pneumonia and improvement of ADL performance as shown in Table 3 . Interestingly, we found that both the presence of cerebrovascular disease and loss of posterior occlusion together significantly reduced improvement of FIM scores during rehabilitation, despite no significant differences observed in either factor independently. These data suggest that the examination of the posterior occlusion should not be ignored to predict the effectiveness of rehabilitation in elderly inpatients. Additionally, both Tables 3  and 4 show that presence of cognitive impairment may be an important predictor of the improvement of FIM scores. This supports our observation that motivation in elderly inpatients is important for the improvement of ADL performance.
Lin et al had previously reported that maintenance of proper nutritional status in the elderly is essential to reduce hospitalization, death risk, and medical expenses, and improves the quality of care. 19 Other epidemiological studies have also shown that weight loss, reduced caloric intake, and the reduced intake of specific nutrients are associated with the impairment of physical function in the elderly. 20, 21 To confirm these associations, we investigated the relation between nutritional status and other factors, such as oral condition, in elderly inpatients using BMI. While there was no correlation between BMI and either age or sex, we found that there was a significant difference in BMI in patients with a stable posterior occlusion and functional tongue movement, but no difference when looking at the ability to close the lips, loss of teeth or presence of mobile teeth. This is not surprising because both a stable posterior occlusion and functional tongue movement are critical for proper eating. Furthermore, although the BMI of patients with either cognitive impairment or aspiration pneumonia were significantly lower, there was no significant correlation between low BMI and cerebrovascular disease. With severe cerebrovascular disease there is a high risk of malnutrition, although in the present study, significant correlation between BMI and presence of cerebrovascular disease was not observed, possibly due to the lack of discrimination between mild and severe cases. Further analysis will be needed in the future to better clarify any association between cerebrovascular disease and BMI. Previously, it has been reported that both a mini nutritional assessment and measurement of serum albumin levels can predict the rehabilitation outcome of elderly inpatients. 22 Our findings also demonstrate that the BMI of patients who had an FIM gain greater than 10 points was significantly higher than patients who had a lesser increase. The risk of malnutrition may rise in the majority of chronic illnesses due to physical dependency and impairment of oral condition in the elderly; therefore, nutritional management is important to improve ADL performance and the quality of life.
The present study had several limitations. First, because all patients of this series were assessed at our hospital, this study is inherently limited by single-center selection bias. Therefore, the results may not reflect the actual situation of the elderly in every country. Second, BMI is not always reflective of malnutrition in elderly inpatients; very elderly people tend to have very low BMIs. Third, we did not assess the comorbidities of diseases, although comorbidities may confound other factors and also affect rehabilitation effectiveness. Fourth, evaluation of the ability to close the lips may be inaccurate; often it is difficult to elucidate the root cause of this inability, which may include impairment of oral muscles and/or respiratory difficulty caused by acute phases of geriatric diseases. Finally, although our estimation models were adjusted for potential factors such as age and sex, no adjustments were made for other factors which may impact ADL performance such as cancer chemotherapy, medication, smoking, etc. We believe that risk adjustment approach could increase the validity of this study in the future.
Conclusion
In the present study, we found that age, malnutrition, and disorders of oral function are significant factors which may predict an improvement in ADL performance of 
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Predictors of improved function in elderly elderly inpatients after rehabilitation in the hospitalization. From these results, evaluation of elderly patients by multidisciplinary rehabilitation teams may better predict the effectiveness of rehabilitation and destination of inpatients after discharge.
